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ABSTRACT 

This report is submitted to NASA/MSC by TRW 
Systems in fulfillment of Task MSC/ TRW A-  105, Sub- 

task 4, of the Apollo MissionTrajectory Control Pro-  

gram, Contract NAS 9-48 10. This document describes 

the results of Monte Carlo analyses performed during 
a Navigation Analysis Study under Subtask A- 105.4. 
The results indicate that the incorporation of a rang- 

ing device on the CSM greatly reduces expected target 

misses. Also, the sextant can be better utilized if the 

weighting matrix used for  combining estimates is not 

reinitializ ed. 
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I. INTRODUCTION AND SUMMARY 

The results of the Navigation Analysis Study performed under Sub- 

task A-105.4 a re  presented in this document. 

kinds of tracking, amount of tracking, and incorporation of tracking on a 
typical earth orbit rendezvous were evaluated. 

performing the analysis are  contained in Reference 1. 

of the method used in performing the analysis is contained herein. 

The effects of different 

The assumptions made in 

A brief description 

A total of 17 cases were run, using a Monte Carlo simulation of the 

proposed rendezvous sequence, Using statistics of position miss at dis - 
tance of closest approach and at the nominal rendezvous time as obtained 
from the TRW Statistical Processor described in Reference 2, the follow- 

ing summary was compiled: 

Fixed time statistics show pessimistic miss distances 
when compared with distance of closest approach 
statistics. 

The addition of range tracking greatly reduces miss 
distances i f  the onboard l'cannedl' matrix is used 
for weighting purposes. 

Sextant tracking can be better utilized by using the 
"fit world" matrix associated with the previous 
e stimate for  weighting purposes. 

1 





2. APPROACH TO THE PROBLEM 

2. 1 INTRODUCTION 

This subtask provides e r ror  analyses to determine the navigation 

characteristics for the terminal rendezvous sequence for the first phase 

of the AS-258 mission. The AS-258 mission is an earth orbital mission 

with a CSM active rendezvous. 

The initial height differential between the CSM and LM is nominally 10 
nautical miles. 

correction burn (MCC) are to be employed to match the positions of the 

CSM and LM at a fixed time in the following manner. 
determined using the estimated state vector of the CSM and targeting for  

the estimated state vector of the LM. 
remaining errors  using a new updated estimated state vectoF of the CSM 

with identical targeting. At  the fixed rendezvous time, a terminal phase 

final burn (TPF) is initiated to match velocities and effect the desired 

rendezvous. 
were studied, In particular, the following areas were investigated: 

(Figure 1 illustrates the mission profile. ) 

A terminal phase initiation burn (TPI) and midcourse 

The TPI burn is 

A MCC is then made to null the 

The tracking requirements necessary for these maneuvers 

a) Effects of varying amounts of sextant and range track- 
ing prior to the MCC assuming 18 pre-TPI marks. (A 
mark is defined as one set of angle measurements o r  
one set of angle measurements and one range measure- 
ment at a particular time depending upon the type of 
tracking simulated. The 0, 3,  6, 9, and 12 mark cases 
prior to the MCC were considered. ) 

b) Evaluation of weighting matrix ( W )  reinitialization. 
(The two cases considered will be those of W = 
diagonal "canned" matrix, and W = updated "fit 
world'' covariance matrix. ) 

2.2 METHOD 

The method used to  perform the analysis was to model the first 

period of activities of the AS-258 trajectory using the existing TAPP VI  
driver routines and necessary prop boxes. The details of the modeling 
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procedures and assumptions made are  included in Reference 2;  however, 

for completeness, the following brief description is included in this 

report: 

a) Initialize - Add Pre-TPI Tracking - Form an estimated 
state vector fo r  the CSM by combining the previous 
estimate of the CSM with 18 marks of sextant o r  sex- 
tant and range tracking using a diagonal "canned" 
weighting matrix, $6 Set the actual state vector for the 
CSM to its nominal value. Set the LM actual and 
estimated state vectors to the nominal value. 

- TPI - Propagate the actual and estimated state vectors 
for both the CSM and LM to TPI  time; determine the 
T P I  maneuver using the estimated state vectors; and 
execute the maneuver assuming no execution errors.  

Pre-MCC Tracking - Propagate the actual and esti- 
mated state vectors for both the CSM and LM to the 
pre-MCC tracking epoch and form a new CSM esti- 
mate using the four separate methods presented 
below depending on the case being simulated. Only 
one method is used per TAPP V I  case. 

Weight in the previous estimate using the onboard 
t'cannedtt matrix and assume sextant tracking. 
Consider the 0 , 3 ,  6 , 9 ,  and 12 pre-MCC mark cases. 
( 0  marks imply that the old estimate will be used. ) 

Weight in the previous estimate, using its up- 
dated "fit world" covariance matrix and assume 
sextant tracking. Consider the 3 , 6 , 9 ,  and 12 
pre-MCC mark cases. 

Weight in the previous estimate, using the onboard 
"canned" matrix and a s s m e  sextant and range 
tracking. Consider the 0 , 3 , 6 , 9 ,  and 12 pre-MCC 
mark cases. 

Weight in the previous estimate, using its updated 
"fit world" covariance matrix and assume sextant 
and range tracking. Consider the 3 , 6 ,  and 9 pre- 
MCC mark cases. 

MCC - Propagate the actual and estimated state vectors 
fo r  both the CSM and LM to MCC time, determine the 
MCC maneuver, using estimated state vectors, and 
execute the maneuver assuming no execution errors.  

:x 
In forming a state vector update noise, sextant biases, and platform mis- 

alignment and drift  effects are  considered as causing an error  in the 
e s timate. 
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e) One Nautical Mile Relative Range, DCA, TPF - Pro-  
pagate the actual and estimated state vectors to the 
following times: 

1) When the relative range between the two vehicles 
is one nautical mile 

2) When the vehicles are  at  distance of closest 
appro a ch 

3 )  When the vehicles are at  the distance of closest 
approach assuming nominal trajectories, i. e., 
terminal phase final (TPF).  

f )  Trajectory Parameter History - Using the actual 
trajectories fo r  both the CSM and LM, compute 
the relative range, relative range rate, inertial 
inplane angle rate, inertial inplane angle, and out- 
of-plane angle at 30-second intervals from TPI to 
T P I  plus 40  minutes. 

Each case was run using 100 Monte Carlo samples. 

then statistically processed using the PROC Program. 

The results were 

2.3 STATISTICS USED IN THE ANALYSIS 

The following statistics were used in the analysis: 

l a  noise value sextant inplane angle 0.2 mr 

10 noise value sextant out-of-plane angle 0.2 mr 

l a  noise uhf range (pre-TPI tracking) 10 ft 

l a  noise uhf range (pre-MCC tracking) 7 ft  

l a  bias value 

l o  bias value 

l a  bias value 
( e l ,  0 2 , @ 3 )  

l a  bias value 

l a  bias value 

sextant inplane angle 0.2 mr 

sextant out-of -plane angle 0.2 mr 

platform misalignment 

platform drif t  ( e , ,  i2, i3) 
0.2 mr 

0. 145E-3 mr/sec 

uhf range 1 f t  
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3.  DISCUSSION AND SUMMARY O F  RESULTS 

The following discussion draws heavily from Tables l a  through Id, 

which illustrate the effects of the various tracking procedures on miss 
distances and miss velocities at  both DCA and TPF, in addition to the 

shift in rendezvous time. For  all comparisons, 95 percentile values a re  

used. 

Comparing cases 1 and I O ,  if no additional data are to be taken prior 

to  performing the MCC, i. e., the old estimate is to be used, 

tracking only produces smaller position and velocity misses than sextant 
and range tracking at  distance of closest approach. 

tracking does, however, give slightly better results at the nominal rendez- 

vous time. 

Sextant 

Sextant and range 

When new data are taken after TPI, however, and the old estimate 
is weighted in with the onboard tlcannedt' covariance matrix, the addition 

of range tracking greatly reduces the position and velocity misses for  com- 

parable cases (compare cases 2 and 11, 3 and 12, etc. ). 

ment is true whether distance of closest approach or fixed time statistics 

are examined. 

The above state- 

The biggest differences a re  reflected in the fixed time comparisons, 

which indicate the ability to get to the target much closer to the desired 

time when employing range tracking. 
be made, the sextant tracking can be better utilized by holding over the 
previous "fit world" covariance matrix for  weighting purposes (compare 

cases 3 and 7, 4 and 8, 5 and 9). 

If a fixed time TPF maneuver is to 

A factor of two improvement is noted when position miss is examined 

for comparable cases as noted above when taking 6, 9, and 12 marks. It 

is worthy to note that when employing the above procedure, i. e., carry- 

ing over the covariance matrix for weighting purposes, more tracking 
results in smaller target misses. 
used taking 6 marks produces larger misses than 3 marks. 

old covariance matrix for  weighting purposes when sextant and range 
tracking are  employed produces worse results than using the onboard 

When the onboard "canned" matrix is 

Updating the 
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"canned" matrix assuming that 6 or 9 marks a re  taken and position and 

velocity misses a re  the criteria (compare cases 12 and 15 and cases 13 
and i6). 

The above may be summarized a s  follows: 

a )  Fixed time statistics show pessimistic miss distances. 
(Distance of closest approach misses are  smaller by 
as much as  a factor of five,depending upon the number 
of marks and kinds of tracking considered for the 
MCC. ) 

b) If no additional tracking is to be taken after TPI for the 
MCC, sextant tracking produces smaller misses at 
DCA, but slightly larger misses at TPF. 

The addition of range tracking after TPI greatly 
reduces miss distances if the onboard "canned" 
matrix is used f o r  weighting. 

c) 

d) Sextant tracking can be better utilized by carrying 
over the "fit world" matrix for  weighting purposes. 
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4. RESULTS 

Because of the 1ar.ge number of cases considered (17) and the number 

and nature of the outputs desired, the results of the study a re  presented 

in this section. Tables la through Id consist of sets of statistics in the 

form of mean, standard deviation, and 95 percentile values for a select 

group of output parameters : 

a) 

b) 

Delta velocity required for the TPI maneuver 

Delta velocity required for the MCC maneuver 

c )  Position miss at distance of closest approach, DCA 

d )  Velocity miss at distance of closest approach, DCA 

e )  Position miss at the nominal rendezvous time, TPF 

f )  Velocity miss at the nominal rendezvous time, TPF 

g)  Time difference between the time of distance of 
closest approach (DCA) and the nominal rendezvous 
time (TPF). 

Section 4. 2 contains the normalized covariance matrices (Tables 2 

through 20, pages 17 through 35) of uncertainty and summaries of these 

matrices for the CSM* at select points on the trajectory for all cases 

considered. The following are select points of interest: 

a )  Pre-TPI tracking epoch (before tracking)a:g 

b) Pre-TPI tracking epoch (after tracking) 

c)  T P I  

d )  

e )  

Pre-MCC tracking epoch (before tracking) 

Pre-MCC tracking epoch (after tracking) 

.I. -8- 

Since the LM trajectory is assumed to be nominal, these matrices 
describe the relative state vector uncertainty, 

tainty for the CSM. Since the above matrices for cases 1 through 9 (sex- 
tant tracking) and cases 10 through 17 (sextant and range tracking) a re  
the same up to and including pre-MCC tracking epoch (before tracking), 
they a re  given only once. 

.I. .I. *r I- 
MSC provided TRW with an initialization covariance matrix of uncer- 
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f )  MCC 

g)  iNM 

h) DCA 

Section 4 . 3  contains plots (Figures 2 through 96, pages 36 through 
13 0) of relative range rate, relative range, inertial inplane line -of -sight 

rate, inertial inplane angle, and out-of-plane angle as  functions of time 
from TPI to TPI plus 40 minutes for each of the cases considered. For 

cases 1 through 9 (sextant tracking) and cases 10 through 17 (sextant and 
range tracking) one set of plots describes the parameter history from TPI 

to MCC. 
distance of closest approach, the scales on these plots have been chosen 

to present the majority of the information with reasonable determination. 
Keys to assist in using the information in these sections are included at 

the first of each section. The tracking statistic inputs, i. e . ,  noise sigmas, 

bias sigmas, etc., used in this analysis are  given in Section 2 . 3 .  

Because of the sensitivity of the angles and angular rate near 

4 .1  EFFECTS O F  TRACKING PROCEDURES 

Tables l a  through Id are for the most part self -explanatory. 

parameters and appropriate units a re  shown vertically to the left of the 

table, 
table. 

The 

The cases are  labeled and numbered horizontally at the top of the 

The following abbreviations are  used: 

W f D  

AV TPI  

AV MCC 

T ~ ~ ~ - ~  - T ~ ~ ~ - ~  

Sextant tracking 

Sextant and range tracking 

Number of marks 

Weighting old estimate using diagonal 
"canned" onboard matrix 

Weighting old estimate using non- 
diagonal "fit world" covariance matrix 

Delta velocity used for TPI maneuver 

Delta velocity used for  MCC maneuver 

Delta time reflecting the difference 
between time of distance of closest 
approach (DCA) and the nominal rendez- 
vous ( T P F )  time. 

10 



DCA Miss  (Position), DCA Miss (Velocity), TPFNOMNAL Miss (Position), 
Miss (Velocity) exhibit the differences in the actual and T P F ~ ~ ~ ~ ~ ~ ~  

state vectors for the LM and CSM at DCA and a t  the fixed rendezvous time, 

r e  spec tivel y. 

4.2 COVARIANCE MATRICES O F  STATE VECTOR UNCERTAINTIES 

This section contains the normalized covariance matrices of uncer - 
tainty and summaries of these matrices for the relative state at  select 

points on the trajectory (Tables 2 through 20, pages 17 through 35). 
normalized covariance matrices have standard deviations along the dia- 
gonal with correlation coefficients off the diagonal, 

section a re  feet and feet per second. 

the covariance matrices is the standard UVW system with one axis radial, 
the second axis normal to the trajectory plane with the third axis complet- 

ing a normal right-handed system. The CSM actual state vector was used 

to determine this system. 

The 

The units in this 
The coordinate system chosen for  

4.3 HISTORY O F  PARAMETERS 

This section contains plots (Figures 2 through 96, pages 3 6  through 

130) of the following parameters as  a function of time: 

Parameter 

a)  Relative range rate 

Abbreviation 

RHODOT 

b) Relative range RHO 

c)  Inertial inplane line-of -sight rate PHIDOT 

d )  Inertial inplane angle PHI 

e)  Out-of -plane angle THETA 

11 



A l l  of the above have been computed using the actual trajectories for the 

LM and CSM. Five plots a re  shown per frame and include: 

Parameter Symbol 

Mean * 
Mean plus 1 standard deviation 0 

Mean minus 1 standard deviation 0 

Largest sample t 

Smallest sample t 

Times associated with particular events a re  referenced to CSM 

liftoff in seconds and are  as follows: 

TPI  

MCC 

T P F  

92,460. 0 

93,840. 0 

94,533. 593 
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Table la .  Summary of Results - Angles; Weighting = Diagonal 

(1) 
A 

W=D 
0 

21.37 

. 6 9  
2 2 . 3 4  

. O l  

. O l  

. 0 2  
- 
1000. 

889. 

2394. 
-- 

24.36  

3.60 

30. 10 

3322. 

2391. 

7639. 

23 .98  

4. 13  

30. 16 

41. 8 
-- 

182. 

410. 

C a s e s  

Parameters 

(2) (3) (4 1 
A A A 

W=D W=D W=D 
3 6 9 

21 .22  21.22 21.22 

. 5 9  . 5 9  . 5 9  

2 2 . 3 1  22 .31  22. 31  

3 .57  4. 75 4. 23 

2. 26 3. 0 4  2. 85 

8. 02 10.18 8. 89 - - 
333. 282. 140. 

188. 266. 94 .2  

717. 956. 278. 
- 

24 .34  24 .59  24 .70  

2. 52 4. 34  2. 41 

2 8 . 4 0  3 1 . 5 8  28 .30  

1613. 1998. 891. 

999. 1532. 665. 

3511. 5183. 2189. 

2 4 . 3 5  24. 63 24.72 

2. 54 4. 40 2. 41  

28. 47 31.73 28. 30 

18. 2 23. 1 4. 83 

77. 2 119. 46.4 

146. 312. 102. 

_ _  _ _ _  __- 

AV TPI M 
f t /  sec SD 

95% 
-- 

AV MCC M 

f t /  sec  SD 

95% 
~~ 

DCA MISS M 

POSITION SD 

f t  95% 

DCA MISS M 

VELOCITY SD 

f t /  sec 95% 
- 

T P F ~ ~ ~ ~ ~ ~ ~  M 

MISS( POSITION) SD 

ft 9570 

M 

MISS(VELOC1TY) SD 

f t /sec 9570 

T ~ ~ ~ - ~ - T ~ ~ ~ - ~  M 

sec SD 
95% 

I I I 01 A 

W=D 
12 

21.22 

. 5 9  

2 2 . 3 1  

4 . 1 1  

2. 80 

8.95 

-- 

--_ 
96. 6 
61. 1 

210. 
- 

24.75  

1.75 

27 .42  

419. 

299. 

916. 
, 

24. 75 J 

1 .75  I 
27 .42  

1 - 
1 . 3 1  ' 

20. 6 

40.0 

i 
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Table lb. Summary of Results - Angles; Weighting = Nondiagonal 

(7) 
A 

W W  
6 

21 .22  

. 5 9  

2 2 . 3 1  

3 .47  

2. 50 

8. 0 1  

- 

- 
237. 

132. 

459. 

24 .49  

1.43 

26 .87  

AV T P I  

--.- 

POSITION 

VELOCITY 

MISS(POSITI0N) SD 
ft  

MISS(VELOC1TY) SD 

(8) 
A 

W+D 
9 

21 .22  

. 5 9  

2 2 . 3 1  

3. 80 

2.73 

8. 81  

177. 

107. 

340. 
- 

2 4 . 6 4  

1. 36 

2 6 . 8 2  

924. 

588. 

2151. 

24. 50 

1 .43  

26. 87 

8. 7 1  

42 .79  

83 .01  

I 

485. 

277. 

1021. 

24 .65  

1. 36 

26 .82  

3 .45  

20. 89 

39 .57  

T ~ ~ ~ - ~ - T ~ ~ ~ - ~  M 

sec SD 

95% 

18 .98  

75.12 

152. 8 

I 

(9 1 

W+D 
A 

12 

21 .22  

. 5 9  

2 2 . 3 1  

3.  93 

2. 80 

9 .02  - 
126. 

77. 1 

262. 

24.70 

1.44 

27. 07 

300. 

163. 

605. 

24 .70  

1. 44  

27 .07  

-,:::I. 21 .48  

2 
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Table IC. Summary of Results - Angles and Range; Weighting = Diagonal 

(10) (1 1) (12) 

A, R A, R A, R 
W=D W=D W=D 

0 3 6 

21. 50 21 .45  21 .45  

. 5 2  . 58 . 58 

22 .48  22. 56 22. 56 

. O l  4. 21  4. 3 1  

. O l  3. 18 3 .  32 

. 0 2  11 .38  11. 78 
--- 

1426. 261. 123. 

1084. 144. 65. 9 
3 840. 547. 263. 

24 .88  24. 44 24 .42  

2. 87 1.20 1 . 2 1  

30. 47 26. 80 26 .66  

2844. 482. 258. 

2083. 269. 156. 

7526. 909. 582. 

24. 58 2 4 . 4 4  24 .42  

2. 90 1 .20  1 . 2 1  

29. 74 26. 80 2 6 . 6 6  

AV TPI M 

ft lsec SD 

95% 

(13) 

A, R 
W=D 

9 

2 1 . 4 5  

. 58 

22. 56 

4. 38 

3. 37 

1 1 . 9 7  

88. 5 

54. 0 

- 

215. 

2 4 . 4 1  

1. 32 

26. 93 

180. 

110. 

415. 

24 .41  

1. 32 

26. 93 

AV M C C  M 

f t /  sec SD 

9 5% 

DCA MISS M 

POSIT ION SD 

f t  9 570 

DCA MISS M 
VELOCITY SD 

f t / s e c  9 570 

P F ~ ~ ~ ~ ~ ~ ~  M 

MISS(POSITI0N) SD 

f t  9570 

P F ~ ~ ~ ~ ~ ~ ~  M 

MISS(VEL0CITY) SD 

f t / s e c  95% 

T ~ ~ ~ - ~ - T ~ ~ ~ - ~  M 

sec SD 

95% 

(14) 

A, R 
W=D 

12 

21 .45  

. 58 

22. 56 

4 43 

3 . 4 1  

12 .10  

70. 3 

43 .0  

174. 

24 .40  

1. 41 

27. 11 

128. 

76. 8 

303. 

24 .40  

1. 41 

27. 11 

- .  55 

5. 18 I 
6 .69  1 

I 
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Table Id. Summary of Results - Angles and Range; Weighting = Nondiagonal 

AV T P I  M 
f t /  sec SD 

95% 

AV MCC 

ft/sec 

M 

SD 

95% 

DCA MISS M 
POSITION SD 

f t  95% 

DCA MISS M 

VELOCITY SD 

f t / s e c  95% 

T P F ~ ~ ~ ~ ~ ~ ~  M 

MISS(POSITI0N) SD 

f t  95% 

T P F ~ ~ ~ ~ ~ ~ ~  M 

MISS(VELOC1TY) SD 

f t /  s e c  95% 

T ~ ~ ~ - ~ - T ~ ~ ~ - ~  M 

sec SD 

9 5% 

(15) 

A, R 
WSD 

3 

21 .45  

. 58 

22. 56 

4. 50 

3. 48 

12. 38 

227. 

123. 

402. 
- 

24. 32 

2. 04  

28. 05 

297. 

157. 

658. 

24. 33 

2. 0 4  

28 .06  

1. 87 

9. 28  

2 3 . 0 4  

--- 

4. 58 

3 . 5 5  

12. 60 

202. 

119. 

379. 

24. 33 

2. 12 

28. 19 

307. 

173. 

721. 

24. 3 3  

2. 12 

28. 19 

1. 92 

11 .40  

26 .28  

_ _  -- 

(17) 

A, R 
W$D 

9 

21 .45  

. 58 

22. 56 

4. 6 1  

3 .57  

12. 66 

174. 

107. 

323. 

24 .33  

2. 12  

2 8 . 2 0  

290. 

170. 

709. 

24. 33 

2 . 1 2  

2 8 . 2 1  

1. 84  

1 1 . 5 4  
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Table 2. Angles 

T P I  TRACKING EPOCH - BEFORE TRACKING 

CORRESPONOlNG CORRELATION RATRIX 
1 2. 3 4 5 6 

I 7.69365570 02 3 385 13480-01 -2.20313860-01 -2.22273860-01 -9.27049390-@ 1 -2.90636780-cJ 1 

3 -2.20313860-01 -6.99152490-02 9.4b084710 02  4.58941920-62 1.71256950-31 9.772f'3160-01 
4 -2.222 73860-0 I - 9.923 27050-0 1 4.5 8941 920-02 8.6 1998870 00 5 3 3629 17O-3 1 6.CO9293Ofl-07 
5 -5.2 7049391)-0 1 -6.30850030-01 1.7 1256950-01 5.33629120-01 1.14972 120 01) 1.64694230-0 1 
6 -2.0063678D-01 -6.17929340-02 9.77203160-01 6.00929300-02 1.64694730-01 1.31551970 90 

z 3 . 3 o m 3 u o - o i  7.24165320 03  -o.99192490-02 -9.92327050-01 -6.39850030-3i - 8 . i ~ w q 3 4 n - w  

UNCERTAINTY uvn 

MEAN MAGNITUDE nF POSITION = i . w o 8 1 r ~ n  03 
MEAN MAGNITUDE I-IF v E L o c I i v  =' 7.3521104n 00 
RST OF P O S I T I O N  - 7.3436054n 03 
R F T  OF VELOCITY = n.7937730n 00 

T P I  TRACKING EPOCH - AFTER TRACKING 

UNCERTAINTY UJW 

MEAN MAGNITUDE OF P O S I T I O N  = 1.04334510 0 3  

R S T  OF P O S I T I O N  = 7.2hQ1059" 03  
R S T  O F  VELOCITY = 8.4QQ9316'7 00 

MEAN MAGNTTUOE of v E L x I r Y  = 2.28977210 00 

T PI 

CPRRCSPCINDING C n F k E L A T I P N  UATk I K  
2 3 4 5 

-9.9 9690 3 Rn-0 I 

1 6 

2 - 1 I 8 74R A7 31)-0 1 
3 3.32*759EC-D2 3.54054570-02 1.66200470 02 -2.414fl*570-02 -3.55565000-32 7.09783540-01 

5 -9 S 70 57 6GC-0 1 - 5  -93690380- 01 - 3.5556 5000-02 9.86541 460-0 1 4.7 194 1390-0 1 1 - 9  9 116920-0 1 
6 -1.9 7955531.)-0 1 - 1.87488730-01 2.09763540-01 1.94 129961)-0 1 1.99186920-01 2.5555Q6m-01 

I i.50+51630 0 3  V.Hb2 2 3 2 ~ - 0 1  3.5247598~-02 -~.79264340-31 - ~ . 9 7 0 ~ 7 6 9 0 - 0 1  -1.97955530-01 

4 -9.7926434o-01 -9.97473100-oi -2.41489570-OL 3.24547070 00 9.~654146n-01 1 . ~ 4 i 2 ~ 6 0 - 0 1  

9. A62 2 2 350-0 1 2.7 1 6 940 bD 0 5 3.5405 45 70- 02  -9.9 7 47 3 1 3 0-2 1 

UNCCPTAINTY uv w 

W A N  HAGNTTUDE OF P O S I T I O N  = 8.61747370 02 

RST OF PDSITTON = 3 . 1 1 0 1 7 Q O O  03  
W A N  MAGNITUDE OF v E L r ) c i r Y  = 8.6~11544n-01 

RST OF VELOCITY = 3.37022520 DO 

MCC TRACKING EPOCH - BEFORE TRACKING 

UNCERTAINTY uwu 

MEAN MAGNITUDE OF POSITION = 6.1290260n 02 
MEAN MAGNITUDE OF VELOCITY = 5.1b51204n-oi 
RST OF P O S I T I O N  = 2.2300q690 03 
RST OF VELOCITY = 2.16692Q7D 00 
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Table 3. Angles and Range 
T P I  TRACKING EPOCH - BEFORE TRACKING 

CORRESPONOING CORRELATION MATRIX  
1 

7.69365570 0 2  
3.38513480-01 

-2.20313860-01 
-2.22273 860-01 
-9.27049390-01 
-2100636780-01 

2 
3.38513480-01 
7.24165320 03 

-6.991 92490-02 
-9.92327050-01 
-6.30850030-0 1 
-8.17929340-02 

3 
-2.20 3 13860-0 1 
-6.99 192490-02 

9.46084710 02  
4.58941920-02 
1.7125695U-01 
9.77203160-01 

4 
-2.22273860-01 
-9.92327050-01 

4.56941920-02 
8.61998870 00 
5.33629120-01 
6 -009 29 30 0-02 

UNCERTAINTY uvw 

MEAN MAGNITUOE OF P O S I T I O N  1.92081420 0 3  
MEAN MAGNlTUOE OF VELOCITY = 2.35211040 00 
RST OF P O S I T I O N  = 7.34360540 03 
RST OF VELOCITY = 8.79377300 00 

TPI  TRACKING EPOCH - AFTER TRACKING 

CORRESPOUOlNG CORREtbT ION MATRIX _. 

1 
2 
3 
4 
5 
6 

1.91205860 02 
-9.8 204921 P O 1  

8.5425203D-02 - 9 9 8469 9 70-0 1 
9.89042660-01 
1.04503559-02 

C 
-9,820492 10-01 

2.47825060 01 
-1.73468270-02 

9.73970960-01 
-9.94477 790-01 

1.0 97 5 768D- 02 

3 4 
8.5425203D-02 -9.98469970-01 

-7.73468270-02 9.73970960-01 

-8.03219630-02 2.19124590-01 
7,32395450-02 -9.80852120-01 
?, 5- 55L2211-03 - 1.42655421)-02 

2.is300070 0 2  -e.032i9630-02 

5 
-9.2 7049390-0l 
-6.30850030-01 

I .7125695D-01 
5.33629120-01 
1.14972120 00 
1.64694230-03 

0 
-2,006 3h7Rn-01 - 8 1 7929 340-02 

9.77203160-01 
6.00929300-02 
1.64694230-01 
1.30551920 00 

5 
9.89042660-01 

-9.94477790-0 1 
7.32395450-02 

-9.80852 120-0 1 
1.010?0280-01 - 1.02707030-02 

6 
1.04503550-02 
1,09757680-02 
3.50 5 52 2 20-03 

- 1.02 7070m-O? 
I .92078270-01 

-1.4265542n-02 

'JNCERTATNTY UVY 

YEAN MAGNITUOE O F  P O S I T I O N  = 1.26511150 01 
M E A N  MAGNITUDE O F  vtLecIrY = 7.53788050-03 
AST OF F O S I T I O N  = 2.89012060 02 
RST OF VELOCITY = 3.08406780-01 

T PI 

CORREhPONOlNG CORRELATlON MATRIX 
1 3 4 5 6 

1 4.80283PlD 02 -9.99051350-01 -3.56395790-02 9.9998160D-01 -9.98808150-01 -7a8973002n-02 
2 -9.99051350-01 3.78490860 02 3.9577952D-02 -9.99246660-01 9.99776379-01 8.33969680-02 
3 -3.56395790-C2 3.9577952D-0' 1.68979000 02 -3.60807020-02 4.00375310-07 1.82453800-01 
4 9.99981600-01 -9.99246660-01 -3.60807020-02 9.3424867D-01 -9.98936610-01 -8.0489652n-07 
5 -9.98808 150-01 9.997763 70-0 1 4-00 3 7 5  3 1D-0 2 - 9.9893661 0-0 1 2.4277261 0-01 7.754 75 14')-07 
6 -7.89730020-02 8.3396968n-02 1.82453800-01 -8.04896520-02 7.7547514D-02 2.48927330-01 

UNCE 9 T  A I NTY I I V .  

MEAN WAGNITUOE O F  Pdhiilul. = 1.8127801Q 01 
M E A M  M A G P I T I I ~ ~ ~  l r  V ~ L ~ C I ~ ~  = 2.5344244n-o? 

2 6.3441451" 0 7  R S T  C ~ F  r c s i T i i v  

RST V F L I T I i y  = 9.968570 30-01 . 
MCC TRACKING EPOCH - BEFORE TRACKING 

CDRRESPONOINO CORRELATION MATRIX  

2 3 4 5 6 1 
1 6.84845710 02 -9.99447200-01 -6.74042690-02 9.999501go-01 -9.998664on-01 -6.27097610-02 
2 -9.99447200-01 8.2 1422520 02 7.0796758n-02 -9.997 19390-0 I 9.998 1405n-01 6.34042nzn-02 
3 -6.74042690-02 7.07967580-02 1.93782870 0 2  -6.8783290n-02 6.8094088n-02 2.77774820-01 

5 -9.998w+on-oi 9.99814050-01 6.80940880-02 -9.99947650-01 4.84850610-01 6.11920560-02 
4 9.99950190-01 -9.99719390-01 -6.87832900-02 1.4394632') 00 -9.99947650-01 -6.36317520-02 

6 -6 -  ' 70 Sd61 n-02 6~3404202D-02 2.77 774620-0 1 -6.363 1752n-02 6. I 1  92056D-02 2.22 165461)-01 

UNCERTAINTY uv w 

MEAN MAGNITUDE OF P ~ S I T I O ~  = 2.811954in 0 1  
MEAN MAGNITUOE OF V E L D C i l Y  = 3.373.22130-02 
RST OF P O S I T I O N  = 1.08687640 03  
RST OF VELOCITY = 1.53508690 00 

18 



Table 4. 0 Angles, W = D 

MCC 

CORRESPONDING CORRELATION P I A T R f X  
1 1 3 4 5 6 

1 1.81984320 03  -8.9268558D-01 -1.15371440-01 8.78401250-01 -9.93700550-01 -2.57494370-01 
2 -8.92685560-61 1.4921261D 03 8.56925480-02 -9.97677510-01 9.30R5flqlO-01 2.09R63160-01 
3 -1.15371440-01 8.5692548D-02 2.1778435D 0 2  -9.05657510-02 1.04940780-01 -3.R4631250-02 
4 8.7R4012RD-0 1 -9.97677530-01 -9.05657510-02 1.80404170 DO -9.16165630-01 -1.97636930-01 
5 -9.93700550-01 9.30858910-01 1.04940780-01 -9.16165630-01 1.12023120 00 2.59752220-01 
6 -2.5 7454371)-0 1 2.098631 60-01 - 3. 84631?5r~-02 -1.9763653D-01 2.5975222n-01 1.86272OqO-01 

UNCERTAINTY UVY 

MEAN M4GNITIJOE OF on?ITInFI = 2.01564770 02 

RST OF P O S I T I O N  E 2.3634097D 03  
MCAN MAGNITlJOE OF VFLIC I ’V  = 1.66710120-01 

RST OF VELOCITY = 2.131711qn 00 

1 NM 

UNCERTAI II‘Y uvu 

P l F A N  ~ A G N I T I I I I E  Ob POSTTION = 
MFAN MAGNIT1ll)E O f  VELOCITV = 

5.97149750 0 7  
6.5563794n-01 

P S T  OF I ‘ l Z I T l f i ? .  = 3.694~1373n 0 3  
R S T  O b  VCL 1 C l T Y  = 3.qiiz309n 00 

DCA 

CORRESPONillNG CORRELATION H A T R I Y  
1 7 3 4 5 h 

I 1. ?92250Pl) 03 -9.5939e45U-01 -2.4h46U9Hfl-01 9.6502h64n-01 -9.96007740-01 -5.49989860-02 
z -9.59 3 5845 0-0 1 4 . 3  3 6  239 qn 03 z.000460~0-0 I -9. 99 7 2 3400-0 I 9.69740 740-0 I I. 2470 09 3n-0 2 
3 -2.4696r90c-0 I 2 .ooo 46060-0 1 1.9045 io so  07 -2 . ~ 3 4 2 ~ 2 4 n - o 1  7 . 4 2 0 ~ 9 4 ~ 0 - 0 1  - I .  7891069n-0 1 
4 9 .650?s t4~-01  -9.992~34011-01 -2.0342a24n-01 5.0472675n 0 0  -9.73373660-01 -7.40241550-03 
5 -~.960oi740-01 9.6~7r0741)-01 L . ~ z o ~ ~ ~ u ~ I - o ~  - v .  7337366n-01 1.078~157n 0 0  6.2q311z70-02 
6 - 5 . 4 5 i a ~ ~ e o - 0 2  i .24 1009 30-02 - 1 .7~9106  ?O-OI -7.41281 550-03 6.793 11271)-02 2.2731585n-01 



Table 5. 3 Angles, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 

CORRESPONOIhS COFQfL4TIO4 M 4 T R I X  
1 2 3 4 5 6 

1 1.195b2620 03 9.95774060-01 2.80006360-01 -9.94326520-01 -9.54826540-01 2.R59R5470-CZ 
2 9.95774060-01 1.56584550 0 3  2.84769880-01 -9.89301410-01 -9.56266190-01 3.07949950-02 

4 -4.94326520-01 -9.H9301410-01 -2.69239290-01 2. I866R030 30 9.63771530-01 -4.3035'l82n-F2 
3 Z . R O G ! I ~ ~ ~ - J I  2.84769enu-01 9.2304qiio 01  - 2 . a 9 2 3 ~ ~ 9 0 - ~ 1  -2.13~01990-01 - ~ . I I ~ ~ C R C O - F I  

5 -s .54a26 540-0 I -9.56 2bt.190-0 1 -2. I 380 I 990-01 9.63 771 530-5 I 7. I 1 7  18 520-01 -5.2 ~5n4450-0  2 
b 2.~5qas470-02 3.0794905~-02 -4.11473840-~1 -4.30350820-02 -5.za504450-02 2.31966630-ni 

UYCERTA I YTY uvw 

ME4N MAGNITIJUt JI- P O S I T I I ' N  = 4.92948R-50 o? 
H E 4 Y  MA;NITUut I f  VELOCITY = 5.90905340-nI 

RST * IF  VELLlCITY = 2.31187660 00 
PST JF P O S I T I O N  = 1.~7722630 n3  

MCC 

CrAEESPONDlNG C O R R F L A T I W  M A T R I X  
1 2 3 4 5 6 

I 1.02556050 0 3  -7.40210470-01 6.41555030-02 4.46604730-01 -Q.42733650*01 -1.q9613190-01 

3 6.41555030-02 4.4RJ0423D-02 1.b2727590 02  -8.51995670-02 -3.56620000-02 7.P269qIn0-01 
4 s.+tL04731)-01 -7.12207700-01 -6.51995670-92 6.G7393240-51 ~ 5 ~ 5 8 7 4 1 2 6 0 - @ 1  -1.9134390D-01 

b -1.9~613190-01 1.77H72120-01 7.02b9ROOD-31 -1.913439C1)-@1 1.979476P0-01 1.65494220-@1 

z -7.40213470-01 2.61388340 02 4.4n904230-~12 -7.15207700-01 ~ . 7 9 7 3 4 7 ~ 0 - 0 1  1.77877120-01 

2 -4.4270 3650-0 i H .  IC, I 3478~-01  -j.5b620030-02 -5. 5 ~ 2 4 i 2 6 n - o t  4.97549660-P I I .  9794--wn-o I 

M t A Y  t4A;lrIT I U t  OF VELOCITY = 1.C2422340-01 

EST O F  V t L O C I T Y  = d.~'2441ORO-~l 
;ST OF F O S I T I J N  = 1.77124400 c3 

1 N M  

IJNCERTPINTY uvw 

HkAEI MA;kIT.JUt 'Jk P(ISITI"C1 = 3,20662770 '72 
CEA:I 'IAGP I i d k J E  i lF VELOCITY = 2.RVdb7430-31 

h Z T  O F  V L L U C I T Y  = 1.6014102P 00 
GST OF F l l S I T I J F I  = i.sz5472zn 33 

DCA 

:CEktSDONOfhG C f l 4 c E L A T I P V  l r A T R l r  
I 2 3 4 5 6 

I l.Lo097ilD 03 -9.oH!I70050-01 -8.33d84G60-32 9.9711b24O-01 -9.43674390-91 -2.A499q850-01 
2 -9 .o Y 3 70C5 0-0 1 1.524 125 91) 0 3  Y. 66396530-02 -9, R65 7522 0-0 1 9.476 19960-'11 2.402 5 9560-0  1 
3 -8.358842~0-02 9.b6096330-02 1.98562470 02 - I . O ~ ~ W O ~ D - O I  1.141275sn-31 -3.26038960-01 
4 ~ . ~ 7 1 1 6 7 4 0 - 0 1  -9.8657szio-01 -1.oz204030-01 2.07244970 00 -9.70143580-01 -2.491~5720-01 
5 -9.43674390-01 9.476199bO-01 1.14127550-01 -Y.70143580-01 6.81R23400-01 2.42189110-01 
b -2.64R9HHSO-01 2.4J2385bO-01 -3.26038960-Cl -2.491R5720-01 7.471RYIlD-~1 1.03436110-01 

UYCFA'4IYTY llvw 

&'LA 1 M 4 G N I i t J l I t  %IF P f l S I T I r M  4.23397101) 07 
" E 4 Y  l *AC.bI iUiJt  OF V t L n C l T Y  3 4.46363320-01 
a s T  OF ?fisirIori = 1.92619910 0 3  
RST CIF V E L U C I T Y  = 2.1P417840 00 
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Table 6 .  6 Angles, W = D 
MCC TRACKING EPOCH - AFTER TRACKlNG 

CO~f'ESfONOING CORRELATIrb l  M A T R I X  
1 

1.13165060 03 
9.93428510-01 
2.80791670-01 

-9.9 1351 62D-01 
-7.85880700-01 

1.843681OD-01 

2 
9.95428560-01 

2.84040+80- 01 
-9.8 78 1 9340- 0 1 
-7.873 11 31 "-0 I 

1.9086201n-Ol 

I .s8)~1621 on 03 

3 
2.80 791670-01 

8.96926910 0 1  
-2.52 299 730-01 
-8.746648 70-0 Z 
-5.84962 740% 1 

2.a+o4osao-o I 

4 
-9.9135167n-01 
-9.8781934n-ot 
-2.52299 73n-01 

-1.aq4~927n-01 

2.2184658" 00 
8.59015Zbn-01 

UNCERTAINTY I I V W  

W I N  M* IGN' - ' l I~E  Oc P O S I T I O N  = 4.7161456n 07 

= 1.67692310 03 PST OF "OSITTf lN  
R S T  O F  vELnr1r-i  = 2.+1337050 f iq  

MEAN MAC.NI- I I I~F OF VLLOCITY = 6 . 0 7 ~ ~ 3 8 f . n - 3 1  

MC C 

1 NM 

DCA 

r ORF€SpUNDING COR ri CLATICN Y A T R I  X 
1 2 3 4 5 6 

1 1.74637200 O B  -9. '996976n-01 -9.1217R96D-02 9.9126614n-01 -9.6340037n-01 -3.777105611-01 
2 -9.79969760-01 2.2101 198n 03 7.13875560-02 -9.81?60571~-01 9.632171211-01 3.382Q330n-01 
3 -9.1277898~-02 7.7387556-v 9.96060630 01 -9.5134zson-02 I .0374165n-01 ~ . o B R ~ c ~ + ~ - o I  
4 9.91266140-01 -9.se60~710-01 -9.51342590-02 3 . 4 2 w a 4 ~ n  OD -9 .~6078+n-o1 -3.297e84on-01 
5 -9,63400370-01 9.6321 71 77-01 I .03141650-01 -9.8607~440-01 I . 351~057n  00 2.776776in-01 
6 -3.72110560-01 3 . 3 8 2 9 3  30P-01 5.08640540-01 -342923840n-0 1 2.7767761 n-01 8.09QP63Rn-02 

2 1  



Table 7. 9 Angles, W = D 
MCC TRACKING EPOCH - AFTER TRACKING 

CORRLSPONOINC CORRELATION M ~ I T R I X  

MCC 

1 NM 

UN C CR T A I NT Y uv w 

" E A N  MBGNT'IJOE O f  POSII I O N  = 8 . 2 4 7 9 8 7 7 3  01  
W E A N  v v . , N ' - u o t  O F  v t L o L i i Y  = 5 . 3 7 3 1 z o a n - 7 7  
R S T  O f  POC'T ' "U  = e . z s o 3 9 o s n  57 
R S T  c r  V L L O C - T Y  = 1 . 2 3 7 3 5 8 9 0  00 

DCA 

UNCERT A' hlTY ! I V *  

MEAN Y\GNI!UOE Of  POSITION = 1 . 0 3 * * 4 3 5 n  02 
MEAN HAGN!TUQE O F  V t L O C I T Y  = 5 - 4 9 5 6 8 3 4 0 - 0 2  

R S T  OF VCI o r r v  = 1.601 1 7 9 7 0  00 
R S T  @F POS"'0N = 1 . 1 3 ~ 4 3 5 n  03 

22 



Table 8. 12 Angles, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 

MCC 

1NM 

DCA 

23 



Table 9. 3 Angles, W # D 

MCC TRACKING EPOCH - AFTER TRACKING 

MCC 

1 NM 

DCA 

24 



Table 10. 6 Angles, W f D  

MCC TRACKING EPOCH - AFTER TRACKING 

CCPRE%~CNOINC CraRELPTIrN M4TPIX 
1 2 3 4 5 6 

1 1.33765360 03 5.96843190-01 3.85818780-01 -9.9946622[3-01 -Q.94641390-01 -1.95204810-01 

3 3.858181@0-01 3.87587300-al 1.00157710 C 2  -3.RlRC3470-~1 -1.92667670-01 -5.8C3C3060~Dl 
4 -5.W466221)-Gl -9.96544080-01 -3.87803410-01 2.55394890 09 9.91305600-01 1.915916CD-01 
5 -9.946473913-C1 -9.93e58780-31 -3.92667670-01 9.97305600-01 9.62424440-01 1.68'7CC760-01 
6 -1.992C481D.C 1 -1.91556880->1 -5.80363G60-01 1.91557630-01 1.6RD007bD-01 2.24R4112b.nl 

2 9.96843191)-01 1.76373410 53 3.879a7300-oi -9.969448a0-01 -9.93es~780-01 -1.91956880-01 

MCC 

1 NM 

DCA 

25 



Table 11.  9 Angles, W # D 

MCC TRACKING EPOCH - AFTER TRACKING 

C@RPESPCFlGIh6 CCRRELATICN M A T R I X  

1 2 3 4 5 6 
1 1.39720610 C 3  5.C70F1170-31 4.14281650-01 -9.99831420-01 -9.97123820-01 -1.66181090-Dl 
2 9.97691 170-0 1 1.8 2917630 d 3  4.14797040-01 -9.97840950-01 -9.97029720-01 -1.58213790-61 
3 4.14281650-01 4.1475704P-Jl 1.07134400 0 2  -4.13735590-01 -4.085R724D-01 -7.023F9360-01 
4 -9.9903C421+91 -5.97843950-01 -4.1373559D C l  2.78425850 00 9.98243300-01 1.603645OfhOl 
5 -9.97123820-6 1 -9.97329720-01 -4.C8587240.01 9.98243350-01 1.t97R5440 00 1.32503400-01 
6 1 86 1 9 4 1  20-0 1 -1 66 1 8 1  C9D-0 1 - 1 582 137 90-U 1 -7  C 230 936D-31 1.6U 36450 0-0 1 1 32 50 340 0-0 1 

llWCERTAINTY l l V W  

MEASI WAGFIITUDE OF PPSITI?FI = 5.94283630 02 
MEAN YASFIITUOE 7 F  VELflClTY = 7.7581881O-Cl 

= 2.3'1424580 ( 3  RST OF P O S l T I l Y  
FST IlF VELOCITY i 2.99867430 90 

MCC 

C ~ R P E ~ ~ ~ N G I L G  CCPRELATICN N A T R I X  
1 2 3 4 5 6 

1 6.63255610 G2 1.99243680-J1 -1.G357757D-Cl -9.29379260-C1 -9.2655COlO-01 -3.652146204'1 

3 -1.0357757O-lrl 2.766783tO-31 1.15606210 C2 -6.846792604'2 5.68477990-02 7.77613760-01 
4 -5.29374260-51 -4.93993370-01 -6.84679260-?2 7.R380R34D-Cl R.22177720-31 2.7863106n-01 

h -?.65214€20-C1 2.19858140-02 7.27613260-.21 2.78631CbO-Cl 3.184822Rn-01 1.79177340-01 

2 1.9924368O-Cl 2.75513850 J1 2.76818360-J1 -4,93993370-C1 -1.69575390-Ql 2.19858140-02 

5 - 9 . 2 6 5 5 ~ ~  10-1) 1 -1 - 6 5 5  75390- J 1  5. b e 4 7 7 9 9 0 4 2  8.2207r720-rii 2.47718930-n I 3. I ~ 4 8 z z r i o - n i  

1 NM 

DGA 

C F ~ ~ G E S P C ~ I C I F C  c n p ~ r i  p T i r \  MA-RIX 
1 2 3 4 5 6 

1 3.394114E0 I17 -9.75U45581)- r l  -4.C296)260 C l  7.P42U916O-Cl 1.2543716D C 1  -?.164R8980-~1 
7 -9.75C49580-L 1 3.9P966410 12 3.5911 1480-11 -7.458b5760-C1 -3.C-247060 7 1  2.4CR65470-01 
3 -4.C2P6?260-U1 ?.5911u480-;1 1.76753280 12 -4.1645617O-nl R.457br57Cbr*3 3.p4491430 01 
4 7.8828916D-GI -7.45465760-al -4116496170-01 3.97531C10-01 -7.93431100 C 1  1.7715'270-01 
5 ?.2543736O--Cl -3.r u247U6U-d1 R.4526?570-93 -2.9383-8nO-01 2.83299760, 01 -4.68737110 P l  
h -7.16488$8D-L1 2.4iR65470-31 3. ~ 4 4 9 7 4 3 0 -  ".1 1.27t5?270-01 -4.bRl7731fl-Cl R.47747230-02 
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Table 12. 12 Angles, W # D  

MCC TRACKING EPOCH - AFTER TRACKING 

MCC 

I NM 

DCA 

r.4759 421) - 1  
1. R717140- 3 1  

3.19155470 r 2  
4. c14 z t e  5 50- 2 I 
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Table 13. 0 Angles and Range, W = D 

MCC 

CORPESPONOING CORRELATION M A T R I X  

IJWFf?TAI NTV UVW 

MEAN HAGNITlInF OF POSITIDN 2.Q5470940 '37 
MEAN YAC,MITIIDE n F  VELOCITY = 3.30677970-01 
R5T OF DOSITION * 2.39045961) 03 
QST PF VFCOCITV = 2.7RZR0240 00 

f NM 

DCA 

fl'RPF+Pl?NOINI CtlROFL4TION M.14TRIX 
1 2 

1 7.899614011 07 -9.401R916n-01 
7 - 9 . ~ 9 3 w i m - o i  3 . 4 3 4 6 6 6 ~ ~  03 
9 - 2 . 5 ? w i 4 ~ 0 - ~ 7  7.51144970-02 
4 9.9095613n-Fl -9.99934450-01 
5 -9.9'4463540-01 9.841 23730-@1 
h 1.19662RR0-01 -1.15940R10-01 

IINCFPTAI4TV uvw 

28 



Table 14. 3 Angles and Range, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 

t I V U  I I Y C F Q T A I  YTV 

UEAY YASNTT~IUE nF POSlTTlr'l = 4.6323RnhO 
UEAV u & S N I T ' l n t  7 F  V E L n C I T V  = 7.73341570-07 
P S T  1F PilSITICN = 1.218616lD 02  
P S I  -IF VELOCITY = 2.q4645440-01 

MCC 

C r F F  CLATrP'l MATPI 9 

1 2 

-5.247S395O-(I 1 1.9h 3231 OD J2 
-2.7771295C-C2 4.57811580-22 

9 862  6 34 D - 4  1 - 6 a46 9 2Y7 00- 1 1 

2.472793111-72 -1.66973520-11 

1.5 37 2 3  1 2 D n 7 - 5.24 2 5 39 50- J 1 

-3.5 371r6on-3 1 a. 764 7 7 4 ~ 0 -  1 1  

4 
9. 86-6834~-71  

-6+4692973D-?1 
-3149501490-02 

3.236799RO-01 - 4 * 42 3 3 19 1 0-37 1 
4.6?~6in5n-q7 

- 3.5 7 7146t 5 n. n I 
8.7643748D 3 1  
3.rR797200-02 - 4.4 233191 n-o 1 
1.4 229386D-3 1 - 1.7451R17WO 1 

1 NM \ 

I 1'1 C f  F T  A I VTY uvv 

DCA 

IIVW 

uFA'l UAGtlI T'JUE 
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Table 15. 6 Angles and Range, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 

CCRRESPONOING CORRELATION MATRIX 
1 

6.82447100 01 
-9.89514540-0 1 
-3.7C786290-02 
-8.03258350-01 

8.38S78790-01 
-1.15579780-02 

2 
-9.89s 14540-01 

5.08422530 01 
7.42375900-04 
7 -63 1098 80-01 - 8 -9 36 968 70- 0 1 
3.66517990-02 

3 
-3.70786290-02 

7.42375000-04 
8.75889370 01 

-1.05!319070-01 
7 0 895 2740-0 2 

-7.97467520-0 1 

4 
-8.03258350-01 

-1.05019070-01 
7.63109080-01 

8.05801950.02 
-7.99354480-01 

8.12688610-02 

tlNCERTAINTY I I V U  

MEAN MAGNITUDE OF P O S I T I O N  h.78L.85240 0 9  

PST OF P O S I T I O N  = 1.22123290 92 
MEAN MAGNITIJOE OF VELOCITY = 9 . m x ~ w o - n 3  

R S T  O F  VELOCITY = 1.43035790-ni 

MCC 

CnPRESPONOING CORRELATICN MATRIX 

UYCERTAINTV IJVU 

MEAN YAGNITUOE n F  P n S I T I f l N  3 7.1h7A9190 07 
UEAY MAGNITUOE OF v E L n c i T Y  = 1.19~72990-n? 
RST 7F P O S I T I O N  = i .gq8235m n z  
P S I  7F VELOCITY = 2.3%57574O-F1 

1 N M  

MEAN YAGNIT'JOE OF V E L n C I T Y  = 1.1399427D-n7 
PST 1F P O S I T I O N  = 2.1C115410 02 
RST r)F VELDCITY = 3.45817770-01 

DCA 
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Table 16. 9 Angles and Range, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 
( 

CORRESPONDILG CORRELATION MATRIX 
1 2 3 4 5 A 

1 6.93360310 01 -9.91285140-01 -4.84537860-02 -9. h85185O4D-nl 9.27664080-O 1 1.801 10'390-03 
2 -9.91285140.01 4.81301050 01 7.40271660.03 9.47W36040-01 -9.53209500-91 3.03169370-'72 
3 -4.E4!378C0-02 l.40271660-03 8.52902540 01 5.05704300-04 2.02E9343D-02 -R.132984flD-nl 
4 -9.68578040.01 9.47486060-01 5.05704360-04 8.13337110-02 -9.13868710-01 2.8L~292CO-n? 
5 9.27664C@+Ol -9.53209500-01 2.02893430-02 -9.13868710-01 ..8199.1340-02 -*.19Tf 74ObO2 
A 1.8 01 100S0-0 3 3 .F3 16937D- 02 -8 73  2981500.0 1 2-05 3 29250-0 2 - 4 1 9 3 6 7 4 b b 0 2  4 5 1 1 3AWO-0 2 

I IYCERTAINTV uvu 

MEAN MAGNITUDE OF P O S I T I O N  = 3.98337410 90 
W A N  MAGElITUOE OF VELOCITY = 5.59401480-03 
RST OF P O S I T I O N  = 1.19943580 02 
R S T  'IF V E L O C I T Y  = 1.1479605O-r)l 

MCC 

COPRESPDNCIkG CORPELATION MATRIX 
1 2 3 4 5 c 

1 5 . ~ 2 6 ~ 5 5 0 4 0  01 -7 .27+io3s~-o i  -5.79~08630-02 9.97946850-01 8.843'32tL0-'31 js.~7r14q02n-n? 
7 -7.274103AD-01 2.68606150 01 6.30429110-02 -1.46193300-fll -4.669.16830-01 - 1 . R 5 l R R b 9 O - f l I  
3 -5.19268630-02 6.30429110-02 2.54718400 01 -0.33384350-02 -6.n83922.10-02 @.0h4741bfl-fll 
4 9.97966eS0-01 -7.46193300-01 -6.33384350-02 1.24061.170-01 R.944338*0-01 *.4Zc2118D-02 
5 8.84302250-01 -4.66955830-01 -6.C.9392250-02 8.9L4338!50-'JI 1.011)2r)280-02 -3.1119C7CD-~Z 
6 6.17045020-02 -i .85788wo-oi 4 . 0 6 4 ~ ~ i 6 0 - 0 1  5.425271~0-n2 -3 . i i i 9075o-c )~  i . 1 6 i n m - n - n i  

I IYCEPTAI NTV IJVU 

MEAN YAGNITUDE OF P O S I T I O N  2 3.02Ahl330 qfl 
MEAN VAGNITllOE OF V E L f l C l T V  A.09192361)-03 
RST 'IF P O S I T I O N  = 6.A0492300 71 
RST OF VEL'ICITV = i .838moqn-01 

1 NM 

UYCF R T A I  YTV 

MEAN WAGNITUDE OF 
MEAM h(A;NIT!JDE OF 
R S  rlF P D S l T l ' 3 N  
PST nF VELOCITV 

t IVU 

P f l S I T I O N  = 6.19399150 30 
VELOCITY = 1 . ~ 9 ~ 9 3 1 2 0 - n 3  

= 1 . ~ 3 e i q i n  02 
= 2.*9*n9110-01 

r r r R E s P c w r h r  CDRPELATIPN MATRIX 
1 2 

1 1.66CC3050 02 -9.43145890-31 
2 -9.C314Ci@90-01 1.01569550 02 
3 1.0005R530-02 -7.57359930-02 
4 9.97917730-fl1 -9.5945235D-01 
5 -9.801128R0-01 9.68244090-01 
4 4.094811.0-02 -1.20377560-01 

UWC E RT A I YTY 

PEAN MAGNITUDE OF P f l S I T I O N  * 8-91.926990 00 
YEAY VACNITUOE OF VELOCITY f l.a50*"120-n2 
PST OF P O S I T I G N  = 2.1064f390 f12 
P5T 1F VELOCITY = ~ n 2 4 i i w - v  
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Table 17. 12 Angles and Range, W = D 

MCC TRACKING EPOCH - AFTER TRACKING 

CCLRFSPONOING CORRELATION M A T R I X  
I 2 3 4 ‘I 6 

1 6.95018630 01 -9.91699780-01 -5.88131310-02 -9.*1195900-01 9.24678080-01 1.54328210-02 
2 -9.91699780-61 4.40684900 01 1m13198690-02 q.7963269O-01 -9.53505530-01 2.35254470-02 
3 -5 .~8131310-02  i . i ~ ~ q 8 6 q n - 0 2  ~ . I ~ I O ~ ~ O D  G I  4.4340414n-02 5 . 7 6 ~ 0 ~ ~ 0 - 0 3  -8 .~974~350-01  

E i . m 2 8 2 1 n - 0 2  2.35254470-02 -8.9974235~-01 -r.162475m-o3 -2.90240640-02 4 . ~ 2 ~ 9 6 ~ 0 - 0 2  

6 -9.9J1859On-01 9.78637690-01 4.43404140-02 0.55995930-07 -9.21352650-01 -7.16241550-03 
5 9.26678980-01 -9.53505530-01 5.16320210-03 -9.21352450-01 2.876786ZD-02 -2.90240640-02 

l lYCFRTAINTV uv w 
MEAN WARNITIIOE OF P O S I T I O N  = 3.71282090 00 
MEAN MARNITIJDE OF VELOCITY = 4 r 0 6 8 7 8 Q 8 ~ 0 3  
as1 OF POSITION = 1.15801550 02 
RST OF V F L O C I T V  = 1.oc951907r+o1 

MCC 

C OPRESPONnlN6 CORRELATION M ATRI  1 2 3 4 5 6 1 
1 3.22612960 01 -8.67479040-01 -1.07757270-01 9.96991720-61 9.43424920-01 8.19921470-02 

3 -1.07757270-01 1.59696940-01 1.54575160 D 1  -1.00440800-01 -7.28664890-02 -1.28482690-01 

C 9.4 ’44 24WD- 01 -7.  8q904010-01 -7.28664890-02 9.57955 190-01 7.27599330-02 1 OZCR4500-02 
6 8.14921470-02 -1.36663990-01 -1.28582690-01 C.624R8700-07 1.02084500-02 1.04800860-01 

7 -n.6747904n-o1 1 . ~ 5 ~ 2 5 8 5 0  01 1.59696940-01 - R . R O ~ M I ~ D - O ~  - T . R ~ ~ O ~ O I O - O ~  -1.36661990-01 

A q.~6qw7zn-o1 - ~ . ~ 0 9 ’ 4 4 i 4 ~ - 0 i  - I . O O ~ Q U I O D - O ~  8 .5875~610-02 9.!n955790-01 5.624~87on-02 

I INCERTAINTV uvw 

W A N  MAGNITUDE OF POSITION = 2.07468450 90 
YEAN MAGNITUDE OF VELOCITY = 5.9R916621-I-03 
RST OF POSITIOW = 4.029334~0 01 
QST OF VFLOCITV = i.5379155n-01 

II’4CERTAI NTV uv n 

M F A N  YARNITl lnE n F  P O S I T I O N  = 2.76619630 00 
MEAN YACIlITllOE flF VELOCITY = 5.832R7760-03 

P S T  OF V F L O C I T V  = 1.99616921)-01 
P t T  OF POSITlrlN = q . 6 n ~ 4 5 t . n  0 1  

DCA 

CORRE$PflFI@INR CORRELATION YATRI  II 
1 2 3 

1 1.71349150 02 -9.53939080-01 2.91267550-02 

3 2.91267550-02 -R.57915170-0? 6.43043800 U 1  
I 9.99C73030-01 -9.617R778D-01 3.%?254120-02 
5 -9.51426600-01 9.69731031)-01 -4.91265790-02 
t 5.48400240-07 -1.20756650-01 9.42110010-01 

7 -9.5~93008n-01 6.71405530 01 - ~ . 5 7 9 i s i 7 0 - ~ ?  

I INCERTAINTV uvw 

UEAP *AC.NITIIOF OF POSITION = 
MEAN MARNITlJ0E OF VELOCITY = 
RST OF POSITION - 
RST O F  VFLOCITV - 

4 5 6 
9.990 23030-01 -9 - 5  74 ?6601)-0 1 5.48400?40-02 

3.4225412b02 -4.Q4265790-02 9.42110010-01 
2.4IR32510-01 -9.5487171D-01 6.18764140-02 

t.lR764140-02 -7.23826OOn-07 7.45643600-02 

-q.617877uo-o1 9.697-3~03n-01 -1.2075665~-01 

-9.5487 1710)-01 1 . 5 6 5 6 ~  850-02 - 7.2 3~ 26000-02 
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CORRESPONDING D R R E U T  
1 

Table 18. 3 Angles and Range, W # D 

MCC TRACKING EPOCH - AFTER T U C K I N G  

UNCERTAINTY uvw 

REAN MAGNITUDE OF P O S I T I O ~  = 3 . 4 6 5 1 0 7 ~ n  DO 

R S T  OF " D S I T I O N  = i . ? 4 1 ~ 7 h n  37 
RST OF V E L O r l T Y  = y.:-h1-i*n->i 

MEAN MAGNITUnE OF VELOCITY = ' . 747541qn- '7  

MCC 

i NM 

DCA 

COPtESr'ONCTNG CORRELATION M A T R r X  

UNCERTAINTY uvbl 

ME4N MAGNITUDE OF P O S I T I O N  = 7 . 7 9 7 1 9 6 7 n  1- 

N E h N  HAGNITUOE OF V E L D C I T V  = 9 . U l P  2 7 4 7 b - i  
RST OF P O S I T I O N  I 7 . 3 9 ? 5 7 4 4 n  7 9  

RST OF VELOCITY = i . m 1 3 7 h 5 n - * i  
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Table 19. 6 Angles and Range, W # D 

MCC TRACKING EPOCH - AFTER TRACKING 

UNCERTLINTY uv Y 

MEAN MIGNITUDE OF POSITION = 7 . 3 4 2 1 7 h 6 n  3- 
MEAN n h c i w i u o E  nF VELOCITY = 6.576~317n-1- 
R S T  OF D O S l T I O N  = l . L Q 1 5 2 Q 2 0  '17 
RST OF \rELOCITY I 7 . a 1 5 9 7 h 5 n - 1 1  

MCC 

UNCERTAT NTY l l V W  

1 NM 

DCA 

C O R R E  W O N  fll NG CORRE 1.4 T l  ON Ml iTRl  Y 

LWCE AT 1 I NTY UVN 

MEAN MAGNTTWOE OF P O S I T I O N  5 c . 9 ' 7 7 " a n "  In 

M E ~ N  MAGNITUDE OF b u o L I r Y  = 1 . 1 4 3 9 ' 1 4 " - ' ?  
RST OF P O S I T I O N  E * . 5 6 7 Q 4 5 o n  ' 7  
R S T  OF V E I O C I T Y  I L . L W - ~ I  n i n - 3 1  

3 4  
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Table 20. 9 Angles and Range, W # D 

MCC TRACKING EPOCH - AFTER TRACKING 

MCC 

UNCERTAINTY UJW 

MCAN MAGNITUDE OF POSITION = 
MEAN MAGNITLIOE OF V t L O C I T Y  = 
RST OF P O S I T I O N  
R S T  OF V E l O C l T Y  

1 NM 

UNCERTAINTY U V W  

MEAN MAGNI'UOE flr POSliION = 
MEAN MAGNlTUDE OF V t L O C l I Y  = 

R S T  OF V E L O C I T Y  
R S T  OF P n s i T i o N  

DCA 

UNCER T A 1 NTY UV W 

MEFN M4GNITUOF OF P O S I I I O N  = o.7h1470Qn 00 
MEAN PlAGNITUOE OF V E L O C l r Y  = 1 . 7 3 0 Q ? 5 0 n - 0 7  
R S T  OF P O S I * I O N  = -'.40'~117n 0 7  

R S T  Oc VELOCITY = 4.461 x + i r n - O I  
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Figure 2. Relative Range Rate with Angle Tracking from TPI to MCC 
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Figure 3. Relative Range with Angle Tracking from TPI to MCC 
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Figure 4. Inertial lnplane Line-of-sight Rate with Angle Tracking from TPI to MCC 
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Figure 5. Inertial lnplane Angle with Angle Tracking from TPI to MCC 
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Figure 6. Out-of-plane Angle with Angle Tracking from TPI to MCC 
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Figure 8. Relative Range with Angle and Range Tracking from TPI to MCC 

42 



Figure 9 .  Inertial lnplane Line-of-sight Rate with Angle and Range Tracking from TPI to  MCC 
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Figure 10. Inertial lnplane Angle with Angle and Range Tracking from TPI to MCC 
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Figure l l .  Out-of-plane Angle with Angle and Range Tracking from TPI to MCC 
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Figure 12. Relative Range Rate with 0 Marks Angle Tracking and Diagonal Weighting Matrix from 
MCC to TPF 
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Figure 13. Relative Range with 0 Marks Angle Tracking and Diagonal Weighting Matrix from MCC 
to TPF 
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Figure 14. lnplane Line-of-sight Rate with 0 Marks Angle Tracking a n d  Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 15. Inertial lnplane Angle with 0 Marks Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 16. Out-of-plane Angle with 0 Mark  Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 17. Relative Range Rate with 3 Marks Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 18. Relative Range with 3 Marks Angle Tracking and Diagonal Weighting Matrix from 
MCC to TPF 
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Figure 19. Inertial lnplane Line-of-sight Rate with 3 Marks Angle Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 20. Inertial lnplane Angle with 3 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 21. Out-of-plane Angle with 3 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 22. Relative Range Rate with 6 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 23. Relative Range with 6 Marks Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 24. Inertial lnplane Line-of-sight Rate with 6 Marks Angle Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 25. Inertial lnplane Angle with 6 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 26. Out-obpiane Angle with 6 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 27. Relative Range Rate with 9 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 28. Relative Range with 9 Marks Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 29. inertial lnplane Line-of-sight Rate with 9 Marks Angle Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 30. Inertial lnplane Angle with 9 Marks Angle Tracking and Diagonal Weighting1 
Matrix from MCC to TPF 
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Figure 31. Out-of-plane Angle with 9 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 32. Relative Range Rate with 12 Marks Angle Tracking and Piagonal Weighting 

Matrix from MCC to TPF 

66 



0 
h 

TIME 
B9 9 t9 94199 

Figure 33. Relative Range with 12 Marks Angle Tracking and Diagonal Weighting Matrix 
from MCC to TPF 
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Figure 34. Inertial lnplane Line-of-sight Rate with 12 Marks Angle Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 35. Inertial lnplane Angle with 12 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 36. Out-of-plane Angle with 12 Marks Angle Tracking and Diagonal Weighting 
Matrix from MCC to TPF 
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Figure 37. Relative Range Rate with 3 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 38. Relative Range with 3 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 39. inertial lnplane Line-of-sight Rate with 3 Marks Angle Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 40. Inertial lnplane Angle with 3 Marks Angle Tracking and Nondiagonal Weighting 

Matrix from MCC to TPF 
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Figure 41. Out-of-plane Angle with 3 Marks Angle Tracking and Nondiagonal Vkighting 
Matrix from MCC to TPF 
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Figure 42. Relative Range Rate with 6 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 43. Relative Range with 6 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 44. Inertial lnpiane Line-of-sight Rate with 6 Marks Angle Tracking and Nondiagonal 
Weighting Matrix from MCC to TPF 
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Figure 45. Inertial lnplane Angle With 6 Marks Angle Tracking and Nondiagonal Weighting 

Matrix from MCC to TPF 
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Figure 46. Out-of-plane Angle with 6 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 47. Relative Range Rate with 9 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 48. Relative Range with 9 Marks Angle Tracking and Nondiagonal Weighting 

Matrix from MCC to TPF 
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Figure 49. Inertial lnplane Line-of-sight Rate with 9 Marks Angle Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 50. Inertial lnplane Angle with 9 Marks Angle Tracking and Nonrliagonal Weighting 
Matrix from MCC to TPF 
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Figure 51. Out-of -plane Angle with 9 Marks Angle-Tracking and Nondiagonal Weighting 

Matrix from MCC to TPF 
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Figure 52. Relative Ran e Rate with 12 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from %CC to TPF 
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Figure 53. Relative Ran e with 12 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from hCC to TPF 
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Figure 54. Inertial lnplane Line-of-sight Rate with 12 Marks Angle Tracking and Nondiagonal 
Weighfing Matrix from MCC to TPF 
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Figure 55. Inertial lnplane Angle with 12 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF 
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Figure 56. Out-of-plane Angle with 12 Marks Angle Tracking and Nondiagonal Weighting 
Matrix from MCC to TPF . 
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Figure 57. Relative Range Rate with 0 Marks Angle and Range Tracking and Diagonal 

Weighting Matrix from MCC to TPF 



Figure 58. Relafive Range with 0 Marks Angle and Range Tracking and Diagonal Weighting 
Matrix from MCC to TPF ,- 
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Figure 59. Inertial lnplane Line-of-sight Rate with 0 Marks Angle and Range Tracking and 

Diagonal Weighting Matrix from MCC to TPF 
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Figure 60. Inertial lnplane Angle with 0 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 61. Out-of-plane Angle w i h  0 Marks Angle and Range Tracking and Diagonal 

Weighting Matrix from MCC to TPF 
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Figure 62. Relative Range Rate with 3 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 63. Relative Range with 3 Marks Angle and Range Tracking and Diagonal Weighting 

Matrix from MCC to TPF 
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Figure 64. Inertial lnplane Line-of-sight Rate with 3 Marks Angle and Range Tracking 
and Diagonal Weighting Matrix from MCC to TPF 
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Figure 65. Inertial lnplane Angle with 3 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 66. Out-of-plane Angle with 3 Marks Angle and Range Tracking and Diagonal 

Weighting Matrix from MCC to TPF 
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Figure 67. Relative Range Rate with 6 Marks Angle and Range Tracking and Diagonal 

Weighting Matrix from MCC to TPF 
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Figure 68. Relative Range with 6 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 69. Inertial lnplane Line-of-sight Rate with 6 Marks Angle and Range 
Tracking and Diagonal Weighting Matrix from MCC to TPF 
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Figure 70. Inertial lnplane Angle with 6 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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Figure 71. Out-of-plane Angle with 6 Marks Angle and Range Trackiq and 
Diagonal Weighting Matrix from MCC to TPF 

105 



l! 

-! 
6 
n 
0 
I 
ai 

-I! 

-2! 

-3! 

-4! 
9 

1 
I 

---t--- 
! 

- 1. + - .. 
I 

! 
! 

.. . .. . 

TIME 

t 

1 
. I  

9 9 

I 
i- 

- I- 

- 
33- 

1 

! 
I 
I 

j 
j 
I 

-7 

9 94799 

Figure 72. Relative Range Rate with 9 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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Figure 73. Relative Range with 9 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 74. Inertial lnplane Line-of-sight Rate with 9 Marks Angle and Range 
Tracking and Diagonal Weighting Matrix from MCC to TPF 
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Figure 75. Inertial lnplane Angle with 9 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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Figure 76. Out-of-plane Angle with 9 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 77. Relative Range Rate with 12 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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, Figure 78. Relative Range with 12 Marks Angle and Range Tracking and Diagonal 
Weighting Matrix from MCC to TPF 
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Figure 79. Inertial lnplane Line-of-sight Rate with 12 Marks Angle and Range 
Tracking and Diagonal Weighting Matrix from MCC to TPF 
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Figure 80. Inertial lnplane Angle with 12 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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Figure 81. 'Out-of-plane Angle with 12 Marks Angle and Range Tracking and 
Diagonal Weighting Matrix from MCC to TPF 
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Figure 82. Relative Range Rate with 3 Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 83. Relative Range with 3 Marks An le and Range Tracking and 
Nondiagonal Weighting Matrix E om MCC to TPF 
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Figure 84. Inertial lnplane Line-of-sight Rate with 3 Marks Angle and Range 
Tracking and Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 85. Inertial lnplane Angle with 3 Marks Angle and Range Tracking and 
Nondiagonal Weighting Motrix from MCC to TPF 
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Figure 86. Out-of-plane Angle with 3 M a r k  Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 87. Relative Range Rate with 6 Marks Angle and Range Tracking and 
Nondiagonal Weighting Motrix from MCC to TPF 
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Figure 88. Relative Range. with 4 Marks A 
Weighting Matrix from MCC toyPF 

le and Range Tracking and Nondiagond 
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Figure 89. Inertial Inplane Line-of-sight Rate with 6 Marks Angle and Range 
Tracking and Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 90. inertial lnplane Angle with 6 Marks An le and Range Tracking and 
Nondiagonal Weighting Matrix from M I C to TPF 
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Figure 91. Out-of-plane Angle with 6 Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 92. Relative Range Rate with 9'Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 93. Relative Range with 9 Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 94. Inertial lnplane Line-of-sight Rate with 9 Marks Angle and Range 
Tracking and Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 95. Inertial lnplane Angle with 9 Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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Figure 96. Out-of-plane Angle with 9 Marks Angle and Range Tracking and 
Nondiagonal Weighting Matrix from MCC to TPF 
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